Abstract. The influences of trace water on electrochemical performances for lithium ion batteries are investigated by adjusting the trace water in the electrolyte. Electrochemical performances and AC impedance spectra are tested after the first process of lithiation. Results indicate that the battery comprehensive electrochemical properties change little when the water content is less than 211.3 ppm in electrolyte, however, the battery capacity attenuates when the water content is more than 211.3 ppm, results that the impedance increases sharply.
Introduction
Lithium ion batteries are expected to be large-scale applications in electric cars and solar energy reserves. Water is the key factor needed to be strictly controlled for lithium ion battery in the production process. Not only resulting lossing of the irreversible capacity [1] , impacting seriously on internal resistance of battery and forming of solid electrolyte interphase (SEI) layer [2, 4] , but also corroding fluid and cathode materials, result in reducing cycling performance and Stability of battery When trace water is exist [5, 6] . Therefore, the environment humidity, anode materials and water content of the electrolyte must be controlled strictly for the preparation process of lithium ion battery. While less attention was devoted to the researching on the effects of trace water on performance of battery at present. In this paper, the influences of trace water on electrochemical performances for lithium ion batteries are investigated by adjusting the trace water in the electrolyte.
Experimental
The MCMB electrode was composed of 84 wt.% MCMB powder, 8 wt.% carbon black and 8 wt.% poly (vinylidene fluoride). The positive electrode was composed of LiMn 2 O 4 (84 wt.%), acetylene black (8 wt.%) and PVDF (8 wt.%). The LiMn 2 O 4 anode material was prepared in our own laboratory. 1mol/L LiPF 6 -EC/DEC electrolyte was produced by chaoyang yongheng chemical Co. Ltd. Adding different trace water in the electrolyte to make the water content in electrolyte retain at 82.8 ppm (w-a)，129.1 ppm (w-b), 211.3 ppm (w-c), 302.4 ppm (w-d), 412.1 ppm (w-e) and 525.5 ppm (w-f), respectively. Trace water in the electrolyte was achieved by Karl fischer moisture Titrator (KF756) test. Experimental cells were assembled in an argon atmosphere glove box using the above prepared LiMn 2 O 4 and MCMB electrode which acted as cathode, and the lithium sheet as the anode material. Furthermore, different water content of LiPF 6 -EC/DEC was as the electrolyte, and Anda celgard porous polypropylene was as the separator. Electrochemical performances and AC impedance spectra were tested after the first lithiation process. Electrochemical performance tests of cells were performed on a LAND CT2001A tester (Wuhan, China) at room temperature (10 °C). The AC impedance spectra and electrochemical window measurements were carried out on an electrochemical work station CHI 660C (Shanghai, China). Ionic conductivity tests of electrolyte were performed on a conductivity meter DDS-307 (shanghai, china) at room temperature (10 °C). . Therefore, the trace water is less than 211.3 ppm, mechanism (Ⅰ) plays a leading role, when trace water is more than 211.3 ppm, mechanism (Ⅱ) plays a leading role. so in the range of 211.3 ppm to 525.5 ppm, the Li + was consumpted increasely leading to the decrease of the discharge capacity.
Results

Electro
Impedance characteristics of Li/MCMB cells during the first lithiation process. The relationship between water content and impedance is shown in figure 3 . Trace water has a significant influence on the impedance, with the increasing of water content, impedance increases significantly. Because the aforementioned excessive trace water in the electrolyte induces decomposition reaction, it produces more insoluble lithium salts such as POF 3 , LiF and so on, which deposite on the SEI surface results in the increased impedance. Figure 4a shows that when the trace water is less than 211.3 ppm, the capacity retention rate is more than 85% after100 cycles. However, when the water content is higher than 211.3 ppm, the cell cycle performance seriously attenuates with capacity retention of less than 70% after 100 cycles. The attenuate capacity is due to the corrosion effect on electrode materials which the reaction between trace of water and lithium salt produces HF and PF 5 . As shown in figure 4b, when the trace water is 82.8 ppm, 129.1 ppm and 211.3 ppm, there are no obvious differences in the Mean voltages. Conversely, when the trace water continues to increase, a sharp drop appeared in Mean voltages. The results may be due to the increase in polarization impedance of electrode, which hinders the embedding and discharging of lithium ion. 
Conclusions
Water is the key factor needed to be strictly controlled for lithium ion battery in the production process. In this paper, the influences of trace water on electrochemical performances for lithium ion batteries are investigated by adjusting the trace water in the electrolyte. The results demonstrate that the trace water in electrolyte has an important influence on electrochemical performance of battery. The critical value of water content in electrolyte is 211.3 ppm, the electrolyte with high water content leads to serious attenuation of electrochemical performance and is responsible for the sharply increased battery impedance. 
